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The influence o f both the cooling rate and the base Steel roughness upon the Al-rich 
phase was análized For this, Steel sheets were coated in a simulator o f the hot-dip 
galvanized process working at 470 XI up to reaching an average roughness valué o f 
1.30 or 0.90 pan; besides, either an air or water spray flow  was used in order to obtain 
cooling rotes between 7 and 22 XI s '1, respectively. The galvanized píate surfaces were 
characterized by means o f SEM  and XRD analysis. From the experimental results the 
follow ing conclusions could be drawn: a) the Al-rich phase growths as an intermetallic 
(AlsFez), that crystallizes form ing an orthorombic lattice in which increasing cooling 
rotes do not change the morphology but stop the growing o f the crystals, and b) an 
increase o f the Steel roughness makes that outburst structures but not the Al-rich phase 
develops a t the bottom o f pits.
Keywords: outburst, intermetallic growth, hot-dip galvanized Steel, cooling rate, 
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INTRODUCTTON
Affected by the Chemical activity as well as by the difiiision and subsequent cooling 
processes, the complex stmcture of layers comprising a galvanized coating differs meaningfully 
not only in Chemical composition but also in physical and mechanical properties. Furthermore, 
small differences in coating composition, bath temperature, immersion time, cooling rate and 
substrate characteristics give rise to significant changes in the coating appearance and 
properties [1]. An Al-rich layer is formed when a Steel píate is brought into contact with a zinc 
bath containing more than 0.1% Al. This layer is thought to hinder the alloying between the 
Steel sheet and molten zinc, reason by which is referred to as the inhibition layer, since it 
inhibits the formation o f Fe-Zn phases (T, 8 and £) [2]. The aim o f the present work was to 
analize the influence o f both the cooling rate and the base Steel roughness upon the Al-rich 
phase growth.
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(a)
Flg.l.- Micrographs ofthe cooting rafe effect on the Al-phase gramng.
a) TC s 1 (7700X); b) 22°C s 1 (7700X).
EXPERIMENTAL DETAILS
SAE 1004 Steel plates were coated in a simulator of the hot-dip galvanized process at 
laboratory scale, containing a bath whose Chemical composition was: Al, 0.2%; Fe, 0.02%; Sb,
0.09%. The remainder was zinc. The specimens surface topography was modified up to the 
average roughness valúes: 1.30 and 0.90 |im. The bath temperature and immersion time were 
kept constató at 470 °C and 30 s, respectively. Besides, either an air flux o f 600 l.min'1 or a 
water spray were used as cooling media, given cooling rates of 7 and 22°C s"1, respectively.
For SEM studies, some galvanized plates were submitted to pickling with sulfiiric acid, 
using aresenious anhydride as inhibitor so that, from the selective dissolution o f Zn 
(dezincification), the aluminium-rich phase could be observed using a plant view [3]. The other 
samples were placed in slides and etched with nital 1%, then rinsed with distilled water and 




F íg i.- Devriopment o f ontbnrst structures as a fimctkm of the Steel snrface roughness; 
a) Ra = UO fim  (1490X) and b) Ra = 0.90^m (500X).
RESULTS
Fig.l shows the cooling rate effect on the aluminium-rich phase growing; the 
compound formed was identified as AlsFe2 by XRD. This intermetallic phase crystallizes as an 
orthorombic lattice (a = 7.675, b = 6.403, c = 4.203) and develops through the nucleation- 
growing mechanism forming equiaxial crystals, Fig.l a. Its morphology is not changed by an 
increase of the cooling rate but these last stop the crystals growing, Fig.lb. Under such 
conditions, not only smaller crystals but also some of them showing a preferential development 
(heterogeneous growing) were obtained. Furthermore, a greater growing could be observed at 
the base Steel boundary grains, where the higher surface energy causes the growing not only of 
this phase but also the Fe-Zn intermetallic derived ffom the same. The Steel roughness would 
not affect the Al-rich phase morphology; nevertheless, when the roughness increases this phase 
cannot develop at the bottom of the pits, sites at which Zn difiiises through the Al5Fe2 and 
reacts with the Fe atoms giving rise to the development of Fe-Zn phases (“outburst
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structures77), Fig.2a. On the other hand, on less rough Steel surfaces this effect is either avoided 
or delayed, Fig.2b.
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